Free radicals alter ionic calcium levels and membrane phospholipids in cultured rat ventricular myocytes.
Oxygen-derived free radicals have been implicated in damage to membrane phospholipids leading to alterations in membrane function. The purpose of this study was to investigate alterations in intracellular ionic calcium (Ca2+) levels and Ca2+ transients, cellular morphology, conjugated diene levels, arachidonate release, and lactate dehydrogenase release resulting from the exposure of cultured neonatal rat ventricular myocytes to a xanthine oxidase catalyzed free radical generating system capable of producing superoxide and hydroxyl radicals. The ability of alpha-tocopherol to prevent alterations due to free radical exposure was investigated. For measurements of Ca2+, myocytes grown on coverslips for 3-4 days were loaded with fura-2/AM and studied by microspectrofluorometry. Control myocytes superfused with a physiological buffer or buffer containing purine and iron-loaded transferrin exhibited Ca2+ transients associated with spontaneous contractions. For control, buffer perfused myocytes (n = 4), the fura-2 340/380 ratios were 0.5 +/- 0.1 (mean +/- S.E.) and 1.6 +/- 0.03 at the minimum and maximum, respectively, of the Ca2+ transient, after 1 h of perfusion. Exposure to the free radical generating solution (n = 14) altered intracellular Ca2+. The 340/380 minimum ratio was 639% of the control value after approximately 30-70 mins with cessation of normal Ca2+ transients. Bleb development was associated with increased Ca2+. Myocytes reperfused with control medium continued to exhibit an elevated minimum fura-2 ratio at 687% of control. Myocytes pretreated with 10 microM alpha-tocopherol (n = 13) for 18-24 h and exposed to free radicals did not exhibit increases in intracellular Ca2+, having a minimum 340/380 ratio of 0.5 +/- 0.1 after 60-90 mins, and although myocytes often ceased contracting, they resumed spontaneous Ca2+ transients with control medium reperfusion and also maintained normal structure. Exposure of myocyte cultures to free radical generating solutions resulted in increased levels of conjugated dienes and increased release of [3H]arachidonate and lactate dehydrogenase compared to control values after 1 h. alpha-Tocopherol treatment attenuated the increase in conjugated diene levels, and the release of [3H]arachidonate and lactate dehydrogenase. Thus, free radicals alter intracellular Ca2+, conjugated dienes and membrane structure indicating their ability to induce altered ionic homeostasis in association with myocardial membrane damage. alpha-Tocopherol decreased free radical mediated injury.